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SUPERCEDES: SOP #1827; Revision 1.0; 01/16/96. 

1.0 SCOPE AND APPLICATION 

This method is a modificationofNIOSH Method6009 for mercury(Appendix A).  It is applicable 
to the analysis ofindoorair samplesofvolatilized elementalmercury(Hg) collected onsolid sorbent 
material (typically Hopcalite) contained in glass collection tubes. The sorbent sample is digested 
and the Hg concentrationis determined by the cold-vapor Atomic Absorption(AA) spectroscopy 
technique. The method is simple, rapid, and relatively free of matrix interferences. 

Detectionlimits, sensitivity, and optimum ranges for Hg analysis will vary withthe sorbent material, 
volume of air sampled, and models of atomic absorption spectrophotometers used. 

This standard operating procedure may be varied or changed as required, depending upon site 
conditions, equipment limitations or limitations imposed by the procedure.  In all instances, the 
ultimate procedures employed will be documented and associated with the final report. 

Mentionof trade namesorcommercialproductsdoesnotconstitute U.S. EnvironmentalProtection 
Agency (U.S. EPA) endorsement or recommendation for use. 

2.0 SUMMARY OF METHOD 

Indoor air samples of elemental Hg are collected on solid Hopcalite sorbent material contained in 
glass tubes.  Air is pumped through the sorbent with a personal sampling pump which can be 
programmed for collection time and flowrate [typically 0.25 to 0.5 liters perminute (L/min)]. 
Pump flow rate is initially calibrated against a rotameter reference and is checked before/after 
sample collection.  Sampling stations are typically set up in several locations within the residence 
with duplicate stations in areas suspected of high level contamination.  Refer to manufacturer's 
instructions for proper setup and operation of sampling equipment and ERT/REAC SOP #2119, 
Air Sampling for Metals. 
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The sorbent materialfrom the collection tube (typically 200 mg in a single section) is quantitatively 
transferred to a 100-milliliter (mL) volumetric flask.  The sample is digested by first adding 2.5 mL 
ofconcentrated nitric acid followed by2.5 mL of concentrated hydrochloric acid.  After digestion 
is complete, the sample is diluted to volume with deionized water. 

The sample is analyzed by the cold-vapor AA spectroscopy technique withno additionaldilutions. 
The principle is essentially the same as direct aspirationAA, exceptacold-vaporgeneratorsystem, 
rather than a flame, is used to atomize the sample.  Radiation from a given excited element is 
passed through the vapor containing ground-state atoms of that element.  The intensity of the 
transmitted radiation decreases in proportion to the amount of the ground-state element in the 
vapor. A monochromator isolates the characteristic radiation from the hollow cathode lamp and 
a photosensitive device measures the attenuated transmitted radiation. 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

Sample holding times, suggested collected volume, preservative, and type of containers are as 
follows: 

Collection 
Holding Volume Req. Type of 
Measurement  (L) Containers Preservative Time 

Mercury in air: 

Solid Hopcalite sorbent 10 - 200 L (1) sorbent tube sorbent tube, 30 days 
25o C 

(1) The volume of air collected is directly related to detection limit; the larger the volume, the 
lower the detection limit. 
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4.0 INTERFERENCES AND POTENTIAL PROBLEMS 

Although the method minimizesdilutionand sample matrix effects, the technique is not completely 
interference free. Inorganic and organic Hg compounds may cause a positive interference 

Cross-contamination and contamination of the sample can be major sources of error because of 
the  sensitivities achieved with the cold-vapor AA spectroscopy technique. The sample 
preparation work area should be kept scrupulously clean.  All glassware should be cleaned as 
directed in Section 5.3.  Special attention should be given to reagent blanks in both analysis and 
in the correction of analytical results. 

5.0 EQUIPMENT/APPARATUS 

5.1 Atomic Absorption Spectrophotometer 

A single- or dual-channel, single- or double-beam instrument having a grating 
monochromator,  Hg hollow cathode lamp, photomultiplier detector, adjustable slits, a 
wavelength range of 190 to 800 nanometers (nm), and provisions for interfacing with a 
strip-chart recorder or computer, printer, autosampler, and Hg cold-vapor generation 
system. 

5.2 Strip-Chart Recorder or Integrator 

A recorder is useful to provide a permanent record and for easy recognition of any 
problems with the analysis. 

5.3 Glassware 

Allglassware, polypropylene, or TeflonTM containers, including sample bottles, should be 
washed in the following sequence:  detergent, tap water, 1:1 nitric acid, tap water, 1:1 
hydrochloric acid, tap water, and Type I water.  If it can be documented through an active 
analytical quality control program, using spiked samples and reagent blanks, that certain 
steps in the cleaning procedure are not required for routine samples, those steps may be 
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eliminated from the procedure. 

6.0 REAGENTS 

All reagents and standardsolutions are prepared and documented inaccordance withERT/REAC 
SOP #1012, Preparation of Standard Solutions. 

6.1 Type I Water (ASTM D1193) 

Use Type I water for the preparation of all reagents and calibration standards and as 
dilution water. 

6.2 Concentrated Nitric Acid (HNO3) 

Use commercially available high-purity, spectrograde acid certified for AA use. 

6.3 Concentrated Hydrochloric Acid (HCl) 

Use commercially available high-purity, spectrograde acid certified for AA use. 

6.4 Stock Mercury Solutions 

Use a commercially available Hg standard solution or prepare a 1000 micrograms per 
milliliter(:g/mL)stockstandardsolutionfromhighpuritymercuric oxide (HgO)usingType 
I water and redistilled HCl.  Dissolve 1.0798 grams (g) of dry HgO in 50 mL of 1:1 HCl, 
then dilute to one liter (1 L) with Type I water. 

6.5 Stannous Chloride, 10% in 1:1 HCl 

Dissolve 20 grams (g) reagent grade stannous chloride in 100 mL concentrated HCl. 
Slowly add this solutionto 100 mL Type I water and mixwell. Prepare freshdaily or each 
time calibration standards are prepared. 
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6.6	 Calibration Standards 

For those instruments which do not read out directly in concentration, a calibration curve 
is prepared to cover the appropriate concentration range.  For best results, intermediate 
and working standards should be prepared fresheach time a batchofsamples is analyzed. 
A blank and a minimum of three working standards in the linear part of the calibration 
range should be used to calibrate the AA instrument. 

Prepare all calibrationand allcheckstandardsusingthe procedures outlined inSection7.0. 
All QC solutions are prepared byspiking blank sorbent media.  This matches the sample 
matrix and, thereby, minimizes sample matrix effects. 

7.0	 PROCEDURE 

7.1	 Sample Preparation 

1.	 Quantitatively transfer the Hopcalite sorbent and the front glass wool plug from 
each sampler tube into a 100-mL volumetric flask. 

2.	 Add 2.5 mL of concentrated HNO3 followed by 2.5 mL concentrated HCl. 

NOTE:	 The Hg must be in the oxidized state to avoid loss.  For this 
reason, the nitric acid must be added first. 

3.	 Allow the sample to stand for 1 hour or until the black Hopcalite sorbent is 
dissolved.  The solution will turn dark brown and may contain undissolved 
material. 

4.	 Carefully dilute to 100 mL with Type I water. 

5.	 The finalsample solution(blue to blue-greenincolor) contains 2.5 percent HNO3, 
2.5 percent HCl, and is analyzed for Hg with no additional dilution (except for 
samples containing high concentrations of Hg). 
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7.2 Calibration Standards 

Prepare a blank, and a minimum of three working standards in graduated amounts in the 
linear part of the calibrationrange (0.2 to 10.0 :g/L) by spiking blank sorbent media (from 
unused Hopcalite tubes) with known amounts of Hg.  Dissolve the blank sorbent media, 
using steps 1 - 3 of the procedure outlined in Section 7.1.  Spike each standard solution 
with the appropriate amount of Hg, and dilute to volume per step 4 of the procedure 
outlined in Section 7.1. 

7.3 Method Blank 

Prepare the method blank (reagent blank) fromblank sorbent media.  Prepare the method 
blank using the procedure outlined in Section 7.1 at the same time the samples are 
prepared.  A minimum of one method blank per batch of 20 samples or less must be 
prepared. 

7.4 Laboratory Control Standard 

Prepare the laboratory control standard (LCS) by spiking blank sorbent media with a 
known amount of Hg (at or near midrange of the calibration curve).  Use an independent 
source of Hg (different than that used to prepare calibration standards) for the LCS 
sample. Prepare the LCS sample using the procedure outlined in Section 7.1 at the same 
time the samples are prepared. 

7.5 Calibration Verification Standards 

Prepare initial calibration verification (ICV) and  continuing calibration verification (CCV) 
standards byspiking blank sorbent media withknown amounts ofHg (at or near midrange 
of the calibration curve). Prepare ICV and CCV standards using the procedure outlined 
in Section 7.1. 

7.6 Method Detection Limit Standard 
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Prepare the method detection limit (MDL) standard byspiking blank sorbent media with 
a known amount ofHg at the expected MDL (typically half the concentrationof the lowest 
calibrationstandard).  Prepare the MDL standard using the procedure outlined in Section 
7.1. 

7.7 Blank Spike/Blank Spike Duplicate 

Prepare blank spike (BS) and blank spike duplicate (BSD) samples by spiking blank 
sorbent media  with known amounts of Hg (5 to 10 times the detection limit). Spike blank 
sorbent media with appropriate amounts of Hg and prepare BS/BSD samples using the 
procedure outlined in Section 7.1.  BS/BSD samples are prepared in the laboratory to 
monitor precision and accuracy of the method. 

Use the BS/BSD samples delivered to the laboratory with unknown samples, or blank 
tubes from the same lot if none are provided with the samples. 

7.8 Lot Blank 

One unopened sampling tube must be prepared and analyzed as a lot blank with each 
sample lot of twenty tubes or less per project.  The lot blank tube is delivered to the 
laboratorywiththe samples, brokenup without disturbing the contents, and thenprepared 
using the procedure outlined in Section 7.1. 

7.9 Trip Blank 

One blank tube from the same lot is included as the trip blank.  The tube is broken and 
carried to the site in the same type of container as the samples.  It is delivered to the 
laboratory with the samples and is prepared using the procedure outlined in Section 7.1. 

7.10 Field Blanks 

One or more blank tubes from the same lot are included as field blanks.  The tube is 
broken and carried to the sampling stations at the site but no air is sampled.  Field blanks 
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are delivered to the laboratory with the samples and are prepared using the procedure 
outlined in Section 7.1. 

7.11 AA Calibration and Measurement 

Differences between the various makes and models of satisfactory AA instruments and 
cold-vapor generators prevent the formulation of detailed instructions applicable to each 
system.  The analyst should follow the manufacturer's operating instructions for a particular 
instrument and cold-vapor generator system. 

Analyze the working standards together with the samples and blanks.  Analyze the full set 
of working standards at the beginning of the run to establish the initial calibration curve. 
Analyze additional standards during sample analysis to confirm instrument response (see 
Section 9.0). 

Samples witha highconcentrationofHg should be diluted into the linear calibration range 
(see Section 9.6). 

8.0 CALCULATIONS 

For determination of concentration, read the Hg value (B) in :g/L from the calibration curve or 
directly from the read-out system of the instrument.  Calculate the concentration of Hg in the 
sample aliquot (A) as follows: 

where: 

B = Concentration of Hg from the calibration curve (:g/L) 
C = Amount of acid blank matrix used for dilution (mL) 
D = Sample aliquot used for dilution (mL) 
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Note: If no dilution was required, C = 0, and A = B. 

Calculate the amount of Hg (W) for each Hopcalite tube: 

where:

A = Concentration of Hg in the sample aliquot (:g/L)

0.1 = Final solution volume (L/tube) 

Calculate the concentration (:g/m3) of Hg in the air volume sampled: 

where: 

W = Amount of Hg in each Hopcalite tube (:g/tube)

BLK = Amount of Hg present in the method blanks (:g/tube)

V = Volume of air sampled (L/tube)


NOTE:  Report :g/tube results for lot blank, trip blank, field blank(s), and BS/BSD samples 
because no air volume is collected for these samples. 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

All quality control data should be documented and available for reference or inspection. 

9.1 Initial Calibration/Calibration Check 

A calibration curve must be prepared each day with a minimum of a blank and three 
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standards (Sections 7.2 and 7.11). The initial calibration must be verified by analysis of 
the method blank (Section 7.3), the ICV standard (Section 7.5), and the LCS sample 
(Section 7.4). The ICV and LCS results must be within +_ 10 percent of the true value. 

9.2 Method Detection Limit 

The MDL standard (Section 7.6) must be analyzed at the beginning and end of sample 
analysis to verify the Hg MDL.  MDL standard results must be within +_ 20 percent of the 
true value.  The MDL is 0.10 :g/L (0.05 :g/m3 for a 200-L air sample) using a Varian 
Spectra AA-300TM equipped with a VGA-76 vapor generator accessory. 

9.3 Continuing Calibration Verification 

If20 or more samples per day are analyzed, the working standard curve must be verified 
by analyzing the method blank and the CCV standard after every 10 samples.  CCV 
results must be within +_ 10 percent of the true value. 

9.4 Blanks 

One lot blank, one trip blank, and a minimum of one field blank must be prepared and 
analyzed with each sample lot. 

9.5 BS/BSD Samples 

At least one BS and one BSD sample should be analyzed after every 10 samples or with 
each sample lot to verify precision and accuracy of the method. 

BS/BSD percent recovery (%R) should be within 75-125 percent (advisory only) and 
calculated as: 
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where:


R = BS or BSD sample result (:g/tube)

BLK = Amount of Hg present in the lot blank (:g/tube)

SA = Spike added (:g/tube)


The Relative Percent Difference (RPD) for duplicate samples should be within 80-120

percent (advisory only) and calculated as:


where: 

S = BS sample result

D = BSD sample result


9.6 Dilution Analysis 

If  the Hg concentration of any sample exceeds the initial calibration range, that sample 
must be diluted and reanalyzed.  Use the results of the original analysis to determine the 
approximate dilution factor required to get a Hg concentrationwithin the upper half of the 
initiallinearcalibrationrange.  Analyze the diluted sample aliquot. Adjust the dilution factor 
if the Hg concentrationis not within the desired range.  Report results for the diluted aliquot 
with the smallest dilutionfactor whichproduces a Hg concentrationin the upper half of the 
linear calibration range (see Section 8.0). 

10.0 DATA VALIDATION 

Data is considered valid if all the procedures for analyzing Hg in air are followed and QA/QC 
criteria are met. 

11.0 HEALTH AND SAFETY 
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The toxicityor carcinogenicity of each reagent used in this method has not beenprecisely defined. 
However, eachchemicalcompound should be treated asa potentialhealthhazard.  The laboratory 
is responsible for following the chemical hygiene plan and laboratorysafetyprogramregarding the 
safe handling of the chemicals specified in this method. 

Whenworking with potentially hazardous materials, refer to U.S. EPA, Occupational Safetyand 
HealthAdministration(OSHA) and corporate healthand safetypractices.  More specifically, refer 
to ERT/REAC SOP #3013, REAC Laboratory Safety Program. 
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